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ABSTRACT 

Objective
The aim of this study was to evaluate the shear bond strength of four self-etching adhesive systems on intact and ground enamel, and also to evaluate 
the morphology of the enamel surface after etching. 

Methods
A total of 100 bovine central lower incisors were randomly divided into five groups: Single Bond (3M ESPE, St. Paul, USA), Adper Prompt L Pop (3M 
ESPE, St. Paul, USA), Clearfil SE Bond (Kuraray America, USA), One-up Bond F (Tokuyama Corp., Shibuya-ku, Tokyo, Japan) and AdheSE (Ivoclar/
Vivadent, Schaan, Liechtenstein). Each group was subdivided (n=10), according to the surface preparation (intact or ground enamel). For intact enamel, 
the teeth were pumiced and ground enamel surfaces were obtained with wet 320-grit SiC paper. A circular (4mm) bonding area was demarcated 
and resin rods (Filtek Z250, 3M ESPE, St. Paul, USA) were built (5mm) for the shear test, followed by failure mode analysis using Scanning Electron 
Microscopy. In addition, 12 teeth were prepared for the evaluation of the etching pattern by Scanning Electron Microscopy. Statistical analysis of the 
data was performed with two-way ANOVA and Tukey’s test (p<0.05).

Results
Significant differences were observed between the Shear bond strength values for the adhesive systems (p<0.001). No differences were found between 
the two substrates (p=0.598) nor any interaction between the adhesive systems versus substrate (p=0.404). The etching patterns were generally 
observed as mild when compared to phosphoric acid, except for Adper Prompt L Pop (3M ESPE, St. Paul, USA), which was similar to phosphoric acid.   

Conclusion
Shear bond strength was not influenced by the type of substrate (intact or ground enamel), and no correlation was observed between the Shear bond 
strength values and the etching pattern of the self-etching adhesives studied.

Indexing terms: Dentin-bonding agents. Dental enamel. Shear strength.

RESUMO

Objetivo
Avaliar a resistência ao cisalhamento e o padrão de condicionamento de quatro sistemas adesivos autocondicionantes em esmalte intacto e preparado. 

Métodos
Cem incisivos centrais inferiores bovinos foram aleatoriamente divididos em cinco grupos: Single Bond (3M ESPE, St. Paul, USA), Adper Prompt L Pop 
(3M ESPE, St. Paul, USA), Clearfil SE Bond (Kuraray America, USA), One-up Bond F (Tokuyama Corp., Shibuya-ku, Tokio, Japan) e AdheSE (Ivoclar/
Vivadent, Schaan, Liechtenstein). Cada grupo foi subdividido (n=10) de acordo com o tipo de superfície. Os dentes com esmalte intacto foram limpos 
com pasta de pedra pommes/água e os com esmalte preparado tiveram a superfície do esmalte desgastada com lixas d’água (n.320). Uma área circular 
(4mm) foi demarcada para adesão e os cilindros de resina (Filtek Z250, 3M ESPE, St. Paul, USA) foram confeccionados (5mm). Após o ensaio resistência 
ao cisalhamento, foi realizada a avaliação do modo de fratura. Doze dentes foram preparados para avaliação do padrão de condicionamento em 
Microscopia Eletrônica de Varredura. A análise estatística dos dados foi realizada através do teste ANOVA para 2 fatores e teste de Tukey (p<0.05).

Resultados
Diferenças estatisticamente significante foram observadas para a resistência ao cisalhamento entre os sistemas adesivos (p<0.001). Não foram observadas 
diferenças entre os substratos (p=0.598) ou ainda interações entre o sistema adesivo versus o substrato (p=0.404). Os padrões de condicionamento 
observados foram classificados em leve em relação ao padrão após o condicionamento com o ácido fosfórico, com exceção do padrão observado para 
o adesivo Adper Prompt L Pop (3M ESPE, St. Paul, USA). 

Conclusão
A resistência ao cisalhamento não foi influenciada pelo tipo de substrato, e, nenhuma correlação entre os valores de resistência ao cisalhamento e 
padrão de condicionamento dos adesivos autocondicionantes estudados foi observado.

Termos de indexação: Adesivos dentinários. Esmalte dentário. Resistência ao cisalhamento.
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procedures involving the self-etching bonding agents have 
been regarded as an easy and reliable alternative towards 
achieving the optimal conditioned surface for bonding8.

However, controversy surrounds the evolution 
of the bonding agents towards a better adhesion on the 
dentinal substrate and the development of self-etching 
systems, while incorporating enamel bonding procedures 
in these systems. There is a concern that manufacturers 
sacrifice the stability of the enamel bond while trying to 
simplify and achieve a reliable, improved dentin bond. The 
most evident challenges of these systems relate to their 
etching capacity and strength of the bond to enamel, 
due to the difference in their acidity and demineralization 
depths, which are considered to be milder and less retentive 
than phosphoric acid9, and to the stability of these highly 
hydrophilic formulations over time10.

It has been suggested that, when using self-etching 
systems, the strength of the bond to enamel is lower and 
not sufficient to seal the restoration when compared to 
dentin3. Furthermore, even lower strengths of the bond 
to intact enamel surfaces have been reported, which 
may be related to the chemical and micro-morphological 
differences between ground and intact enamel11-12.

Thus, this study aimed to measure and evaluate 
the SBS of self-etching bonding systems on intact and 
ground enamel and, in addition, to analyze and correlate 
the surface morphology with SBS values after etching and 
bonding with these systems.  

METHODS

The materials, manufacturers, composition, pH 
and batch numbers used in this study are listed in Table 
1. Freshly extracted lower bovine central incisors (n=112) 
obtained from a local abattoir were disinfected with 0.5% 
chloramine for 1 hour and placed in frozen storage for as 
much as one month. Incisors were used to evaluate SBS 
(n=100) and surface etching patterns (n=12). The teeth 
had their roots sectioned 2 mm below the cementum-
enamel junction with a low-speed diamond disk under 
water, and then embedded with a self-curing acrylic resin 
in PVC cylinders (20 X 20 mm), with the buccal surfaces 
projected 1 mm outward from the cylinder’s edge. 

For SBS testing, 100 teeth were divided into two 
groups for substrate preparation on intact and ground 
enamel (50 teeth each). For the ground enamel group, a 

INTRODUCTION

The bonding of resins to the enamel surface, as 
established by Buonocore in 1955, is to this day considered 
a highly reliable routine procedure in dental practice. The 
ability of adhesive resins to penetrate through the micro-
porosities created on the enamel surface by acid etching 
was initially described by Buonocore et al.1 and was 
attributed to an increase in the area of contact and surface 
energy, due to the partial dissolution of enamel prisms 
and posterior resin infiltration and polymerization in situ. 
Clinically, the micro-leakage responsible for secondary 
caries at the tooth-restoration interface and post-operative 
sensitivity has been partially overcome in cavities with a 
cave-surface angle in the enamel.  

While the clinical procedures of enamel acid-
etching have changed the way in which esthetic restorative 
dentistry is practiced, researchers continue to search for 
and develop materials and techniques that allow resins 
(hydrophobic materials) to bond to the dynamic dentin 
substrate2. Indeed, bonding to dentin was not as easily 
achieved as it was for enamel which could be explained by 
its high organic content, intrinsic wetness and the presence 
of the smear layer; the initial bonding systems, therefore, 
did not perform well on dentin3. In fact, the removal of the 
smear layer by acid-etching increased the outward flow of 
dentinal fluid, contributing to the occurrence of adhesive 
failure. The solution to this problem was the development 
of bonding systems with primers containing hydrophilic and 
hydrophobic functional groups, allowing resin infiltration 
through the wet, demineralized dentin substrate, creating 
a resin-dentin interdiffusion zone called the hybrid layer4-5. 

This bonding procedure, termed the total-etch 
technique, uses 10-40% phosphoric acid solutions to 
demineralize enamel and dentin simultaneously; the 
capacity of the ionic dissociation of this acid has been 
observed to cause an excessively deep demineralization in 
the dentin substrate, exposing the collagen fiber network 
to a depth that was not easily filled by the adhesive resins, 
leaving the collagen fibers exposed in the deepest parts 
of the dentin, and subjecting them to hydrolysis and 
degradation, compromising the restoration over time6. In 
order to improve the durability and reduce the sensitivity 
of the total-etch technique, a new bonding agent category 
was developed. The so-called self-etching bonding 
agents contain acid monomers that etch and infiltrate 
simultaneously in enamel and dentin7. Thus, the application 
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flat surface was obtained on a grinding wheel using a 320-
grit SiC under water. For the intact enamel group, the flat 
incisal third of the crown, present in central bovine lower 
incisors, were pumiced before being used. The bonding 
area was demarcated by placing adhesive tape on the 
prepared surface, in which a 4 mm diameter hole had been 
punched. 

The specimens were randomly assigned to 5 
groups of 20 specimens each, in accordance with the 
bonding system applied, and each group was subdivided 
into 2 subgroups (10 for intact and 10 for ground 
enamel surfaces) as follows: Group 1 (control group): 
Single Bond (3M ESPE, St. Paul, MN) (SB); Group 2: 
Clearfil SE Bond (Kuraray America, U.S.A.)  (SEB); Group 
3: Adper Prompt L-Pop (3M ESPE, St. Paul, MN) (POP); 
Group 4: One-up Bond F (Tokuyama Corp., Shibuya-
ku, Tokyo, Japan) (OUB); Group 5: AdheSE (Ivoclar/
Vivadent, Schaan, Liechtenstein) (ADH). The adhesive 
systems were applied according to the manufacturers’ 
recommendations, as follows:

- Group 1 (SB): The surface was acid-etched 
with 35% phosphoric acid (15s); rinsed with running 
water (20s); excess water was removed with tissue paper; 
adhesive application in two layers with a disposable brush; 
gently air-dried with oil-free compressed air (5s); light-
cured (10s).

- Group 2 (SEB): Primer application (20s); dried 
with a mild air flow, the same as for group 1; adhesive 
application; gentle air flow; light-curing (10s).

- Group 3 (POP): Primer/ adhesive application; 
gently air dried, as for groups 1 and 2; light-cured (10 s).

- Group 4 (OUB): Primer/ adhesive application; left 
undisturbed (20s); gently air dried, as for groups 1, 2 and 
3; light-cured (10s).

- Group 5 (ADH): Primer application (20s); gently 
air dried (5s); adhesive application; gently air dried (5s); 
light-cured (10s).

A 5mm high composite rod (Filtek Z250, 3M 
ESPE, St. Paul, MN, USA) was built on the bonding areas, 
with the composite applied in three increments using a 
silicone mold, with each increment polymerized for 30s. 
All light-curing procedures used an Ultralux curing unit 
(Dabi Atlante, Ribeirão Preto, Brazil) with a light intensity 
of 500mW/cm². The light intensity was measured with a 
radiometer (Curing radiometer, model 100, Demetron/
Kerr, Danbury, CT 06810, USA). The specimens were stored 
in distilled water at 37°C for 24 hours and then submitted 
to a SBS test in a Kratos Universal Testing Machine, model 
K2000MP (Taboão da Serra, Brazil), with a cross-head 
speed of 0.5mm/min. SBS was performed using a 0.5mm 
metallic steel tape which formed a loop that completely 
enclosed the composite rod13.

After testing, SBS values were recorded, each 
specimen was gold-sputter-coated (Balzers - SCD 050 
Sputter Coater, Liechtenstein) and observed by SEM (JEOL, 
JSM 5200, Scanning Electron Microscope, Tokyo, Japan) 
for an evaluation of the fracture pattern. Fracture modes 
were classified into one of three types: a) type 1 - adhesive 

Table 1. Materials, batch numbers, composition and pH used in this study.

Materials

4KESingle Bond (3M ESPE, St. Paul, MN) 0.6*-0.43 to 0.02

51258
Clearfil Se Bond (Kuraray America, 
U.S.A.) 2.0

V000954
One-up Bond F (Tokuyama Corp., 
Shibuya-ku, Tokyo, Japan) 1.8

L5175606Adper Prompt L-pop (3M ESPE, 
St. Paul, MN)

0.8

F52644
AdheSE (Ivoclar/ Vivadent, Schaan, 
Liechtenstein) 2.2

HEMA, Bis-GMA, dimethacrylates, ethanol, water, polyalkenoic acid, 
copolymer, initiator. *Acid used – Phosphoric 35%

Primer: MDP, HEMA, hydrophilic dimethacrylate, Camphorquinone, 
N,N-diethanol p-toluidine, water, ethanol. Adhesive: MDP, Bis-GMA, 
HEMA, hydrophobic dimethacrylate, Camphorquinone, N,N-diethanol 
p-toluidine, silanized colloidal silica.

Bonding agent A: Mac-10 photoinitiator, Methacryloyloxialkyl 
phosphate acid, multifunctional methacrylate monomers, Bis-GMA, 
TEGDMA. Bonding agent B: MMA, HEMA, water, photoinitiator, Fluor-
aluminum Silicate.

Water, HEMA, Bis-GMA, methacrylate phosphoric esters, polyalkenoic 
acid copolymer, BAPO, camphorquinone.

Primer: Dimethacrylate, phosphoric acid acrylate, initiators and 
stabilizer for aqueous solution. Bonding: HEMA, dimethacrylate, silica, 
initiators and stabilizers.

Batch Number Composition pH
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failure between the adhesive resin and enamel, and partial 
cohesive failure in adhesive resin; b) type 2 - partial cohesive 
failure in enamel; c) type 3 - cohesive failure in composite 
resin.

The SBS results were submitted to ANOVA variance 
analysis (p<0.05) and to multiple comparisons using Tukey’s 
Test (p<0.05). Statistical analysis was carried out using the 
SPSS software system. 

Additionally, the pH values for each bonding 
system were digitally measured with a digital pH-meter 
(pHmetro Digimed DM-20 µP, Digicrom, São Paulo, Brazil), 
in accordance with the following protocol: dilution of 2ml of 
the etching agent in 3ml of 70% ethanol, without stirring, 
at room temperature (20-25°C). The first measurement 
was performed after a 5min interval, followed by two other 
measurements at 1 minute intervals. The pH values were 
the result of the arithmetic means of these three results, 
and are shown in Table 1.

Etching pattern

Twelve teeth were used for this evaluation, and 
were submitted to the same surface preparation as for the 
bonding procedures. Six teeth were ground with 320-grit 
SiC under water in order to obtain a flat grounded surface 
with standardized smear layers. Incisal and radicular 
portions of the crowns were removed to obtain rectangular 
specimens. The other six teeth were simply pumiced. Ten 
teeth were assigned to the 5 groups, one being intact and 
the other ground, for each group. Two teeth remained as 
controls. For all the groups, the etching agents were applied 
as previously described and dehydrated in ascending levels 
of acetone: 50%, 75% and 100%, for 10 min. in each 
concentration, in an ultrasonic bath, in order to dissolve the 
residual monomers in enamel. Afterwards, the specimens 
were stored at 60°C for 1 hour, gold-sputter-coated and 
observed by SEM. 

Statistical analysis

Statistical analysis was carried out using SPSS 
software 11.0 (Statistical Package for the Social Sciences, 
Chicago, USA). Means and standard deviations were 
calculated. Normal distributions were tested by the Shapiro-
Wilk test. Two-way ANOVA was calculated to see if there 
were any differences between the groups and Levene’s 
statistic was used to test for homogeneity of variances. 
In those cases with significant differences, the post-hoc 

Tukey test was used. Statistical significance for all tests was 
assumed to be p<0.05.

RESULTS

The SBS results, according to the bonding agent 
used and the type of substrate (intact or ground enamel), 
are shown in Table 2. The highest SBS values were obtained 
by SEB and SB and the lowest values were obtained by 
POP followed by ADH. For SEB and SB, SBS was higher 
on the ground enamel surface and the opposite occurred 
with the other three systems (ADH, POP and OUB). Two-
way ANOVA demonstrated that there were significant 
differences between the bonding agents (p<0.001) 
although no significant differences were found between 
the substrates (p=0.598); in addition, no significant 
interaction was found between the bonding agent and the 
type of substrate (p=0.404). Only one specimen of SEB on 
ground enamel surface showed a Type 2 failure that was 
cohesive in enamel. All the other specimens, regardless 
of the adhesive or substrate, presented Type 1 adhesive 
failure.

Etching pattern

A very smooth surface was found with 
intact enamel (Figure 1a). Thus, conditioning with 
37% phosphoric acid for 15s completely removed 
the aprismatic layer, exhibiting many porosities and 
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Table 2. Mean shear bond strength values and standard deviations ( ) of the 

materials studied according to the bonding system used and substrate 

(intact or ground enamel). The different letters in superscript indicate 

that the materials are statistically different at 5% using the Tukey’s 

test.

Material

Clearfil Se Bond (Kuraray 
America, U.S.A.) (SEB)

One-up Bond F (Tokuyama Corp., 
Shibuya-ku, Tokyo, Japan) (OUB)

Adper Prompt L-pop (3M ESPE, 
St. Paul, MN) (POP)

Single Bond (3M ESPE, St. Paul, 
MN) (SB)

AdheSE (Ivoclar/ Vivadent, 
Schaan, Liechtenstein) (ADH)

Intact
Ground

Intact
Ground

Intact
Ground

Intact
Ground

Intact
Ground

Enamel substrate

5.74 (2.39) a

6.27 (1.42) A

4.05 (1.06) b

3.51 (1.20) B

1.71 (0.80) c

1.32 (0.35) C

5.81 (2.24) a

6.15 (1.06) A

2.36 (1.07) c

1.85 (0.61) C

Mean SBS (MPa)
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a great number of enamel crystallites. At higher 
magnification, a type II etching pattern was observed, 
with the individualization of the enamel rods (Figure 
1b). Conversely, self-etching agents were not capable 
of completely demineralizing the aprismatic layer of 
intact enamel (Figures 1c, 1e, 1f) with the exception of 
specimens treated with POP, which showed an etching 
pattern similar to that observed with 37% phosphoric 
acid, with good dissolution of the aprismatic layer and 
conditioning of the enamel rod cores (etching pattern 
type I - Figure 1d). ADH promoted a slight dissolution 
of the aprismatic enamel, mildly conditioning the 
underlying prisms in its core (etching pattern type I - 
Figure 1f). This was also observed for OUB, although in 
this case, the periphery of the prisms in the underlying 
layer was mildly conditioned (etching pattern type II 
- Figure 1e). SEB did not promote a good dissolution 
of the aprismatic layer, leaving it porous, conditioning 
neither the core nor the periphery of the underlying 
prisms (no etching pattern was observed - Figure 1c). 
The ground enamel surface without prior conditioning 
showed the presence of a smear layer, which covered the 
surface, making it impossible to view the enamel prisms 
(Figure 2a). After conditioning with 37% phosphoric 
acid for 15s, the smear layer was completely removed 
and the enamel surface showed a honeycomb aspect, 
with greater dissolution of the peripheral portion when 
compared to the core of the prisms, characterizing 
a type II etching pattern (Figure 2b). As for the self-
etching systems, a well defined etching pattern could 
not be observed. 

No clear morphological difference was observed 
on the enamel surface after conditioning with these 
systems. Even after the surface treatment, it was possible 
to see smear layer in some areas and also the grooves 
produced by SiC abrasive paper, making it difficult to 
view the enamel prisms. Again, surfaces treated with 
POP behaved differently, obtaining an etching pattern 
similar to that produced with 37% phosphoric acid 
(Figure 2c). ADH exhibited a slight dissolution of the 
smear layer with a mild etching pattern, also showing a 
discrete individualization of the enamel rods (Figure 2f). 
SEB also presented a mild etching pattern, characterized 
by the heterogeneous dissolution of the prismatic and 
interprismatic region, with a discrete dissolution of the 
prisms (Figure 2d). OUB also presented a mild etching 
pattern although differentiation of the enamel prisms 
was almost impossible (Figure 2e).

SELF-ETCHING BONDING AGENTS ON GROUND AND INTACT ENAMEL
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Figure 1. Intact enamel surface. a) after being pumiced (x1500); b) after 

etching with 37% phosphoric acid for 15s. Note etching pattern 

type II (x5000); c) after conditioning with SEB for 20s (x1500); d) 

after conditioning with POP for 15s. Note honeycomb appearance 

in pattern type I; e) after conditioning with OUB for 20s (x7000); f) 

Intact enamel surface after conditioning with ADH for 30s. Note the 

aprismatic layer in some areas (x1500).

Figure 2. Ground enamel surface. a) after grinding with SiC #320 (x1500); b) 

after etching with 37% phosphoric acid for 15s. Note the fish scale 

appearance, type II (x5000); c) after conditioning with SEB for 20s 

(x 5000); d) after conditioning with POP for 15s (x3500); e) after 

conditioning with OUB for 20s (x1500); f) after conditioning with 

ADH for 30s (x7000).
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DISCUSSION

Intact and ground enamel substrates used in this 
study are often present in clinical daily routine, therefore 
it is very important to determine whether these simplified 
bonding agents are as effective as conventional (total etch) 
systems when bonding to these substrates11.

Measuring bond strength on intact enamel 
involves some technical difficulties due to the convexity 
of this surface, which makes it difficult to obtain the flat 
surfaces needed for conventional tests. Using bovine lower 
incisors makes it possible to obtain a flat enamel surface 
without the need for microtensile or microshear bond tests. 
Many similarities are found between human and bovine 
enamel: crystal orientation, prism dimensions, chemical 
composition of the protein matrix, percentage calcium, 
carbonate content and hardness14-15. It has also been 
reported that the demineralization pattern of different 
acids such as phosphoric, maleic and citric acids, are similar 
between human and bovine enamel9. In addition, previous 
reports state that histological and adhesive properties of 
bovine and human enamel are similar, enabling them to 
be valuable substitutes for bonding tests. Advantages in 
relation to research ethics are also gained, since human 
samples are currently difficult to collect, and bovine teeth 
are easily found in large quantities16.

The SBS results found in this study were lower 
than those found in other studies; this may be explained 
by the type of loading used here. The influence of the 
different types of loading used for the shear bond tests was 
previously tested: orthodontic wire, chisel (recommended 
by ISO TR 11405, 1994) and metallic steel tape were used13. 
The highest results were obtained with the orthodontic 
wire (13.33MPa), followed by the chisel (7.81MPa) and 
then the metallic steel tape (4.87MPa); these values were 
dependent on the combination of tensions produced during 
the specimen testing. With the orthodontic wire, cohesive 
failures were mainly observed in the resin composite. When 
the chisel was used for loading, complex tensions were 
produced evolving into cleavage, tensile and compressive 
just before fracturing. The lowest shear bond strength 
values, obtained with the metallic steel tape, indicate that 
the tensions produced in this test are less complex, creating 
better conditions for the establishment of a stringent shear 
bond test, with most of the failures on the adhesive resin 
coming as a result of the high concentration of tangential 
forces. It was concluded that the metallic steel tape does 

not produce a point of support (fulcrum or momentum) in 
the resin rod, in addition, the point where the strength is 
applied does not vary.

Significant differences were found in the SBS 
values between the self-etching agents (p<0.05). The 
highest results were obtained for SB and SEB, for both 
intact and ground enamel (6.15 and 5.81MPa for SB; 
6.27 and 5.74MPa for SEB, respectively). Although no 
significant difference was found between these agents, 
their etching patterns were completely different; SEB had a 
milder effect. Significantly lower SBS results for ground and 
for intact enamel were obtained with ADH and POP (1.85 
and 2.36MPa; 1.32 and 1.71MPa, respectively), despite 
the fact that the etching pattern obtained with POP was 
very similar to the one obtained with phosphoric acid, in 
contrast to the etching pattern of ADH, which was much 
milder, no significant differences were found between 
them. Intermediate SBS results were obtained with OUB 
for ground and intact enamel (3.51 and 4.05MPa), these 
values were higher than those of POP and ADH, despite its 
mild etching pattern. 

Additionally, no significant differences were found 
between the type of substrate, ground or intact (p>0.05). 
The demineralization produced by phosphoric acid (SB) was 
superior to all the self-etching systems, both on ground 
and intact enamel. It is interesting to note that, although 
the type of substrate did not influence SBS values, all self-
etching bonding agents showed a more defined etching 
pattern on ground enamel.

It has been suggested that the dentin smear layer 
interferes with the bonding of self-etching agents in an 
inverse relationship to its thickness17. As for enamel, the 
conditioning of its surface with phosphoric acid promotes 
surface cleaning, greater surface roughness and energy. 
The conditioning of the enamel transforms a relatively 
smooth surface to an irregular surface with micro porosities 
that can be filled by a fluid resin or adhesive. The most 
acceptable mechanism to explain the adhesion to enamel 
is resin tag formation, which leads us to conclude that 
the quality of bonding to the enamel surface is strongly 
dependent on the irregularities formed on the surface and 
also on the capacity of the adhesive resin to penetrate the 
substrate. The introduction of self-etching bonding agents 
initiated a new way to condition dental substrates. In order 
to simplify the technique of bonding to dentin, the use 
of acidic substances that include resin monomers was 
proposed. These substances are applied simultaneously on 
to enamel and dentin and do not require a washing stage. 
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In vitro studies show that etching patterns, produced by 
self-etching agents on enamel, were different to those 
produced by phosphoric acid, without compromising the 
quality of the bond strength. The bond strength in enamel 
was very similar to that obtained with conventional systems 
that require prior phosphoric acid etching18-19.

Conversely, some studies did not achieve 
acceptable bond strength when comparing self-etching to 
total etch systems, these low values being attributed to the 
lower acidity of self-etching systems, when compared to 
37% phosphoric acid3,20. These results are in accordance 
with the results obtained in this study where, with the 
exception of SEB, all the other systems had significantly 
lower SBS values than SB, which employs a previous acid 
conditioning stage, using phosphoric acid. The etching 
pattern produced by phosphoric acid favors the formation 
of a strong mechanical interlocking of the resin on the 
conditioned surface, forming a stable bond. The total etch 
technique has been described as the procedure that is most 
recommended for adhesive restorations on enamel, being 
considered a safe and predictable procedure. The similar 
results obtained between SB and SEB can be explained 
by another possible bonding mechanism. It has been 
suggested that chemical bonding occurs between the 
hydroxyapatite of the enamel structure and the 10-MDP 
monomer present in SEB21.

The morphological structure of the intact 
enamel surface is different to the central portion, since 
it is deprived of prisms, is hypermineralized and contains 
more inorganic material. As the intact enamel is more 
mineralized, it contains more fluoride than ground 
enamel12. Moreover, a thick layer of aprismatic enamel 
can make the permeability of self-etching primers and 
bonding agents through the substrate difficult, leaving 
some areas partially unconditioned and resulting in a poor 
mechanical interlocking due to the deficient penetration 
of the adhesive resin into the micro-porosities of the intact 
enamel surface, thus lowering the bond strength. Despite 
the similarity between SBS in both substrates, the presence 
of this aprismatic layer could explain the milder etching 
pattern on the intact surface, compared to the ground 
enamel surface. Moreover, it seems logical to accept the 
fact that on smear layer-free surfaces, self-etching bonding 
agents have direct contact with the substrate (the smear 
layer would not represent a barrier to be surpassed), 
increasing its superficial roughness. This could explain the 
proximity of SBS results for intact and ground enamel17. In 
the present study, the formation of grooves was observed 

after pumicing, leaving the intact enamel surface with 
similar characteristics to the ground surface. The presence 
of grooves could be seen even after superficial treatment 
with the self-etching agents, in accordance with the 
findings of other authors11,22. This could also explain the 
absence of significant differences between the SBS in both 
substrates, where other factors such as surface energy 
variation may be responsible for the achievement of an 
adequate bonding on enamel19.

However, no correlation was found between 
bond strength values and the length of resin tags, even 
though bond strength values can be mainly attributed to 
the capacity of the resin to penetrate through the enamel 
prisms and crystallites12,23. The equilibrium between the 
depth of demineralization and the extension of monomer 
penetration is key to the formation of a high quality 
resin-enamel interface, which is the basic principle of self-
etching adhesives24. Studies on the bonding mechanism of 
self-etching adhesives on enamel using TEM evaluations 
concluded that, even though the resin tags were relatively 
short, the nano-retention of these materials to the prismatic 
structure of the enamel could justify the bond strength 
values achieved, despite the different etching patterns25-26. 
This is in accordance with the results obtained in this study, 
where the similar SBS results between the total etch (SB) 
and the self-etch adhesive (SEB) did not correspond to the 
etching pattern obtained from SEM analysis. 

The self-etching adhesives tested showed 
differences in the composition of the acid monomer and 
pH. This could explain the etching patterns obtained, 
which were dependent on the acidity of the adhesives and 
their aggressiveness in conditioning the enamel surface. 
The self-etching adhesive, SEB, is a two-step system with a 
relatively high pH (2.0) and a relatively low concentration 
of the acidic ester 10-MDP (25-30%) in its composition. 
The etching pattern obtained with SEB in this study did 
not present separate structures on the enamel surface, 
however precipitates were observed on the enamel surface, 
probably from residual 10-MDP and/or remainders of the 
dissolved enamel. This bonding agent had a milder effect 
on the intact enamel surface, in agreement with other 
authors22,27-29.

The other two-step, self-etching agent, ADH, 
contains phosphoric acid acrylates as conditioning agents, 
with a pH of 2.2. The obtained etching pattern was more 
evident on intact enamel, matching the SBS values. POP is 
a one-step system that contains a high concentration of 
phosphoric acid ester methacrylates (80%) and has a pH 
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of between 0.8 and 1.0.26 This high acidity can be verified 
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prisms30.

CONCLUSION

Based on the results obtained from this study, it 
can be concluded that there were differences regarding 
the SBS values and surface etching pattern between the 
self-etching adhesives studied, no correlation was found 
between SBS and the morphology of the conditioned 
enamel surface, the type of substrate (intact or ground 
enamel) did not significantly influence the SBS values and 
there were no significant interactions between the self-
etching agents and the type of substrate.
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